Background
Linitis plastica was initially a morphological definition referring to the macroscopic thickened and rubbery aspect of a hollow organ with loss of its ability to distend. Nowadays, linitis plastica is considered as an advanced stage of a subtype of adenocarcinoma called signet-ring cells carcinoma (SRCC), characterized by a massive involvement of the affected organ wall by tumor infiltration within a desmoplastic inflammatory-like reaction. Linitis plastica can occur in any organ but is more prevalent in hollow viscous organs, especially in the stomach [1, 2] .
Rectal linitis plastica (RLP) is a rare disease affecting less than 1% of colorectal cancer patients. It is frequently diagnosed in younger patients, at a more advanced stage, and with poorer survival when compared to other adenocarcinomas, including the mucinous subtype [3] [4] [5] [6] .
Since magnetic resonance imaging (MRI) has become a standard in rectal cancer workup, some radiological features have been suggested as characteristic of RLP, such as concentric ring pattern or "target sign" on T2-weighted images. However, these findings were suggested based in a limited number of cases and the sensitivity or the specificity of these radiological patterns is not known [7, 8] .
Besides, little information is available concerning chemo-or radio-sensitivity of RLP, and no particular strategy is recommended at the present time. We describe in this paper 3 cases of primary RLP with emphasis on MRI features and treatment strategy.
Case Report Case 1
A 59-year-old man had a 3-month history of rectal bleeding, watery stools and weight loss. Digital rectal examination (DRE) was impossible due to severe pain. Colonoscopy under general anesthesia found a stenotic tumor at 10 cm from the anal verge. Biopsies showed a RAS (ras2 Kirsten rat sarcoma viral oncogene homolog) wild-type carcinoma characterized by scattered signet-ring cells (SRC) in a strong fibrous stromal reaction ( Figure 1A) . On pelvic MRI, T2-weighted sagittal plane showed a diffuse wall thickening of the rectum over 15 cm from the anal verge resulting in rigid tube morphology. T2-weighted axial plane showed a circumferential thickening over 11 mm with a concentric ring pattern and local extension to the bladder trigone ( Figure 1B, 1C) . No lymphadenopathy or distant metastases were detected on computed tomography (CT) scan. Upper gastrointestinal tract endoscopy was normal. Local extension to the trigone of the bladder was confirmed by cystoscopy. The disease was staged as cT4bN0M0. Neoadjuvant chemo-radiotherapy (CRT) followed by pelvectomy was decided in our multidisciplinary staff. Five weeks after 5-fluorouracil (5FU) based CRT, preoperative MRI showed no tumor response. At surgery, non-resectable locally advanced disease with peritoneal extension was observed. The multidisciplinary staff decided a FOLFOX regimen associated to panitumumab in this refractory cancer disease. A radiological partial response was then observed and the response was maintained over 10 months until peritoneal progression. Second line chemotherapy was ineffective and the patient died 3 months later.
Case 2
An 85-year-old man presented with a 3-week history of diarrhea, anal incontinence and a 10-kg weight loss. DRE revealed a lower rectal tumor. Rectosigmoidoscopy showed a circumferential tumor occluding the rectal lumen down to the pectinate line. Biopsies confirmed a SRCC with excessive fibrosis ( Figure 2A ). Pelvic MRI showed on T2-weighted coronal plane a diffuse wall thickening of the entire rectum over a length of 18 cm accounting for its markedly rigid tube aspect ( Figure 2B ). On T2-weighted axial plane, a circumferential wall thickening over 13 mm with infiltration of the mesorectum. 
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The characteristic concentric ring pattern was also observed ( Figure 2C ). The disease was staged as cT3N0M0 and upfront colostomy was performed due to a symptomatic tumor. Five weeks after 5FU-based CRT, pre-operative MRI and CT scan showed no radiological response. Abdomino-perineal resection was then performed. Pathological examination showed a SRCC infiltration in submucosa and muscularis propria with an important desmoplastic reaction. The tumor was upstaged to ypT3N1b suggesting a CRT resistance. Even though the complete total mesorectal dissection (TME) was hard due to circumferential mesorectal infiltration, thus impeding traction and countertraction maneuvers typically performed in TME, a complete resection was achieved. No adjuvant treatment was administered to this aged patient. The patient was diseasefree 16 months after the initial diagnosis.
Case 3
A 27-year-old man was referred for rectal bleeding and diarrhea. Colonoscopy showed an ulcerated tumor of the lower rectum extended to the anal canal. Biopsies showed a RAS mutated carcinoma characterized by scattered SRC in a strong desmoplastic stromal reaction ( Figure 3A, 3B) . MRI of the pelvis on T2-weighted showed a large vegetative circumferential tumor of the lower rectum and anal canal of 10 cm in length.
The tumor was extended to the mesorectum, anal sphincters, prostate, and seminal vesicles with pelvic and inguinal lymph node enlargement ( Figure 3C, 3D) . However, the characteristic concentric ring pattern was not observed in this case. A second blinded independent pathological lecture confirmed a SRCC. Lung metastases were detected on CT scan and the disease was staged as cT4bN2M1. A tri-chemotherapy based on 5FU, oxaliplatin, and irinotecan was promptly started. No clinical and radiological efficacy was observed and the patient died 8 months after the initial diagnosis.
Discussion
The term linitis plastica was first introduced in 1854 by Brinton W to describe the "leather bottle" shape of the stomach, and was later extended to other hollow organs to describe the thickened, rigid and contracted aspect of their wall. Laufman and Saphir were the first to describe in 1951, the relation between this macroscopic aspect and the primary colorectal SRCC [9] . Presently, linitis plastica refers to SRCC with massive involvement of the hollow organ wall by infiltrating tumor cells [1] .
Among our 3 cases, two patients presented the classic concentric ring pattern previously described [7] . However, this characteristic radiological sign was absent in the third case. MRI showed a large vegetative lesion with massive infiltration without recognizable layers of "target sign". The clinical presentation was suggestive of RLP with young age and advanced stage at diagnosis, and rapid fatal progression, and a second blinded independent pathological lecture confirmed a SRCC of rectum.
Some published data are critical about the specificity of these radiological patterns of RLP since rectal infiltration by SRCC of another pelvic organ such as the bladder or the prostate and even rectal metastases of gastric SRCC and breast lobular carcinoma can mimic this pattern, as well as non-malignant diseases such as inflammatory or ischemic colitis [8, [10] [11] [12] [13] [14] . However, the sensitivity of characteristic radiological patterns was not questioned until now. Thus, even though the concentric ring pattern is frequently observed in RLP, it is neither specific nor sensitive and should be interpreted carefully, especially in young patients with aggressive rectal carcinoma.
None of our two patients with locally advanced disease responded to neoadjuvant CRT at preoperative radiological assessment. Moreover, the disease was more advanced at surgery than at diagnosis in case 1, suggesting on-therapy progression. Other authors have reported the same isolated observations about probable chemo-radioresistance in RLP [15] [16] [17] . However, Bratland et al. reported 6 cases of SRCC among 120 rectal cancer patients who received neoadjuvant CRT. In this cohort, 3 patients (50%) had a pathological complete response (pCR), whereas other 3 patients had no response [18] . In a larger retrospective multicenter study, among 248 consecutive rectum cancer patients treated with neoadjuvant CRT or radiotherapy alone before surgery, 32 patients (12.9%) presented a pCR. On multivariate analysis, SRC histology was found to be an independent predictive factor of pathological response. In fact, 5 out of 11 (45%) SRCC patients presented pCR, in line with the previous report [19] .
These data suggest that there are 2 types of RLP patients in terms of chemo-radiosensitivity: excellent responders and nonresponders. The tumor upstaging following neoadjuvant CRT suggests no cytotoxic or cytostatic effect of CRT in non-responder patients. Some available data explain the chemo-radioresistance of SRCC of colorectal origin. As has been suggested in gastric SRCC, the mucinous content could compete with drug-cell interactions within the tumor [20] . SRC contains abundant mucins characterized by the presence of a protein called MUC. Altered expression confers an important role to MUC in tumor progression, metastasis, and chemoresistance. Terada et al. examined the expression status of MUC1, MUC2, MUC5AC, and MUC6 in 30 cases of gastric SRCC and 12 cases of colorectal SRCC [21] . Interestingly, there was a significant tendency of primary gastric SRCC to express MUC5AC and MUC6 but not MUC1 and MUC2, while primary colorectal SRCC express MUC1, MUC2, and MUC5A, but not MUC6, suggesting the potential usefulness of MUC patterns for differential diagnosis of primary localization.
Only MUC2 is expressed in the normal colorectal epithelium, while MUC1, MUC5AC, and MUC6 are not. These findings suggest that up-regulation of MUC1 and MUC5AC is associated with the pathogenesis, carcinogenesis, and malignant behavior of colorectal SRCC. Moreover, MUC2 and MUC5AC expression observed in conventional adenocarcinoma is different from that seen in SRCC, suggesting different molecular mechanisms of carcinogenesis between these histological types.
Furthermore, SRCC aggressive behavior could be connected with genetic abnormalities different from that seen in classic adenocarcinoma. In particular, a higher prevalence of BRAF mutation, loss of heterozygosity, high-level microsatellite instability, and CpG island methylation phenotype-positive status was noted in SRCC [22] .
Since there are clearly highly chemo-radio-resistant RLP patients, it would be important to distinguish at diagnosis from good-responders to perform an upfront surgical resection without CRT delay in resectable RLP. However, actual data do not justify a different strategy from classic adenocarcinoma since high chemo-radiosensitivity can be awaited with complete responses in half of the patients. There is an urgent need to explore SRCC biology to understand the resistance mechanisms involved in refractory patients and to identify specific signaling pathways that can be targeted.
Conclusions
On pelvic MRI, the concentric ring pattern is frequently observed in rectal SRCC. However, the absence of this "target sign" should not eliminate suspicion of RLP, especially with circumferential rectal infiltration and aggressive clinical presentation. There are probably 2 different chemo-radiobiology entities: extremely sensitive and highly resistant. Their distinction at diagnosis should be of importance for resectable disease to do prevent delay of curative-intent surgery. Future molecular biology studies of this tumor and its environment are needed.
